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Increased morbidity from nasopharyngeal carcinoma
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Objectives: To determine the association between printing works and nasopharygeal carcinoma as
well as other diseases.
Methods: Demographic data were obtained for those who had worked in a particular newspaper
company since its establishment in 1950. Through access to the data bank of the hospital records of
the Labor Insurance Bureau for 1985–94, all workers were identified who had been admitted to hospital during their employment in the newspaper company. Multiple logistic regressions were performed
to estimate the adjusted morbidity odds ratio (OR) for various diseases among the printing workers with
cardiovascular diseases as the reference diseases. Biopsy specimens from patients with
nasopharyngeal carcinoma were all subjected to in situ hybridisation of Epstein-Barr virus (EBV), and
colocalisation of EBV and secretor component protein.
Results: Of the 1564 people who had worked in this company, 579 of them were admitted to hospital at least once. Five out of 144 printing workers admitted to hospital were diagnosed with
nasopharyngeal carcinoma compared with none of the other 435 non-printing workers admitted to
hospital. The morbidity OR for nasopharyngeal carcinoma in printing workers was 57.0 (95% confidence interval (95% CI) 2.8 to 1155.3). The morbidity OR for benign skin tumours was 28.0 (95% CI
2.7 to 293.1). Chronic pharyngitis or sinusitis also showed significant relations with printing works
with a morbidity OR 29.4 (95% CI 1.7 to 514.7). Using all other diseases as the reference diseases
for calculation of morbidity ORs still showed a similar trend. In situ hybridisation of EBV encoded small
nuclear RNA-1 (EBER-1) showed tumour cells free of the EBV in each biopsy specimen. Colocalisation
of EBER-1 and secretor component showed that some tumour cells contained both secretor component
and EBV signal in each case.
Conclusion: Printing works are associated with an increased risk of nasopharyngeal carcinoma,
benign skin tumours, chronic pharyngitis or sinusitis, chronic liver diseases, and mechanical injuries.
Induction of the development of nasopharyngeal carcinoma is probably not related to EBV infection in
these patients.

here are various organic solvents, filler materials, and inks
used in the printing factory. A survey of materials and
substances used in the printing industry in 1978 showed
that 2000 products were used, in which 300 chemicals were
identified. Among the chemicals, 26 are known or suspected
carcinogens according to the classifications made by the
International Agency for Research on Cancer.1 The printing
occupations have been related to an increased mortality and
morbidity from various diseases, including an increased mortality from lung cancer, bladder cancer, renal pelvis cancer,
primary liver cancer, gall bladder cancer, and liver cirrhosis.1–7
There has never been any report on the association between
printing occupation and nasopharyngeal carcinoma.
Nasopharyngeal carcinoma is uncommon in most populations, but it occurs with a high frequency in Chinese people,
especially in those from the southern provinces of China and
Taiwan.8 It has been the fifth leading malignant neoplasm for
men and the sixth for women in Taiwan since 1983.9 Environmental, genetic, and viral factors have been postulated as
important determinants of nasopharyngeal carcinoma.10–14
However, the pathogenesis of nasopharyngeal carcinoma still
awaits further clarification.
At one particular newspaper printing factory there were
reported cases of nasopharyngeal carcinoma identified during
1986 to 1993. We were requested by the labour union and the
newspaper company to perform an epidemiological study to
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determine the associations between printing works and nasopharyngeal carcinoma as well as other diseases.

SUBJECTS AND METHODS
Data collection
Before 1995, the year the Taiwan government implemented a
national health insurance system, the Labor Insurance Bureau
in Taiwan had provided medical insurance for all laborours
who worked in a company with more than five workers.
Nearly all the workers in public and private sectors joined the
Labor Insurance Bureau. As the Labor Insurance Bureau coverage provides a free choice of doctors and hospitals, full coverage of medical service fees, and partial compensation (about
70%–80% depending on industrial sectors) for wages, our
workers would use it whenever they have a major disease that
requires admission to hospital. There were around 500 000
reimbursement records of admissions to hospital in the Labor
Insurance Bureau each year from a population of about 7 million workers. Through access to the database of the Labor
Insurance Bureau we retrieved the reimbursement data of
.............................................................
Abbreviations: OR, odds ratio; EBV, Epstein-Barr virus; EBER-1, EBV
encoded small nuclear RNA-1; ICD-9, ninth revision of the international
classification of diseases; EBVCA, viral capsid antigen associated with
the EBV; HBV, hepatitis B virus
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In situ hybridisation of EBER-1 and double localisation
of EBER-1 and secretor component
Paraffin sections from four out of five patients with
nasopharyngeal carcinoma were obtained from four different
hospitals, including National Taiwan University Hospital,
Kaoshuong Medical College Hospital, Macky Memorial
Hospital and Veteran General Hospital (one of the paraffin
blocks was missed in Tri-Service General Hospital). The paraffin sections after deparaffinisation were subjected to in situ
hybridisation for localisation of EBV encoded small nuclear
RNA-1 (EBER-1) with antisense riboprobe as described
previously,16 Some sections were counter stained with methyl
green; others were not. In each case, stain with haematoxylin
and eosin was also performed. At the same time we also performed double localisation of EBER-1 and secretor component
Table 1 Characteristics of workers in a newspaper
company who had ever been admitted to hospital, and
workers admitted to hospital for cardiovascular
diseases (the reference group)
Workers

Printing

Non-printing

All workers:
Men (n)
Women (n)
Age (y, mean (SD))
Employment (y, mean (SD))

331
5
38.5 (6.4)
11.7 (7.9)

995
233
41.8 (10.0)
13.7 (8.2)

Workers admitted to hospital:
Men (n)
Women (n)
Age (y, mean (SD))
Employment (y, mean (SD))

142
2
33.5 (5.6)
9.0 (7.0)

336
99
35.6 (10.1)
10.3 (8.2)

Workers admitted to hospital for cardiovascular diseases:
Men (n)
5
27
Women (n)
0
1
Age (y, mean (SD))
37.3 (7.0)
37.6 (10.4)
Employment (y, mean (SD))
13.6 (10.3) 11.9 (9.6)

protein (an IgA receptor) by immunohistochemistry with an
antibody against secretor component and in situ hybridisation
according to our previously published method.17
Data analyses
Descriptive analysis of the demographic data and work history
of all workers and the workers who had been admitted to hospital was performed. The morbidity odds ratios (ORs) of various diseases due to the exposure in a news printing factory
was calculated as in a case-control study,18 with the case being
various diseases that resulted in admission to hospital of the
worker. There were two control groups in this study. The first
control group was workers admitted to hospital for cardiovascular diseases. We lumped all workers who were admitted to
hospital due to diseases other than the diseases of interest and
cardiovascular diseases as another control group. Multiple
logistic regression analysis was used to estimate morbidity OR
adjusted for age, duration of employment, sex, and other possible risk factors. The statistical package SAS/STAT PC 6.08
was used for data analyses.19

RESULTS
There were 1564 workers identified as having worked in the
factory since its establishment in 1950. Of these workers there
were 1326 men and 238 women; 336 of them had worked in
the printing factory; 1228 workers worked in non-printing
sectors. The mean (SD) age of the workers was 41.1 (9.4) years
and the mean (SD) duration of employment in the company
was 13.3 (8.2) years. Workers of printing factories were
younger with shorter duration of employment than nonprinting workers. The difference was not significant (table 1).
A significantly higher proportion of men worked in printing
than non-printing departments.
Of the 1564 people who had worked in this company, the
total admissions to hospital was 796 during the observation
period. After discounting repeated admission to hospitals with
the same diagnosis, there were 579 workers who were admitted to hospital at least once. We first chose cardiovascular diseases as the reference. Morbidity ORs for nasopharyngeal carcinoma, benign skin tumours, chronic pharyngitis or sinusitis,
chronic liver disease or cirrhosis, and mechanical injuries were
significantly related to printing works. Five out of 144 printing
workers admitted to hospital were diagnosed with nasopharyngeal carcinoma compared with none of the other 435
non-printing workers admitted to hospital. Because one of the
2×2 cells was zero, we added 1/2 to calculate the crude
morbidity OR of nasopharyngeal carcinoma,20 which was 57.0
(95% confidence interval (95% CI) 2.8 to 1155.3, Fisher’s exact
test, p<0.001).
When workers admitted to hospital due to diseases other
than the disease of interest and cardiovascular disease as control group, all diseases of interest showed a significant trend
except chronic liver disease or cirrhosis of the liver, as shown
in table 2.
The mean (SD, range) duration of employment of the
patients with nasopharyngeal carcinoma in this printing factory was 13.5 (7.2, 4.5–20.2) years. The mean age of these
patients at the time of pathologic proof of nasopharyngeal
carcinoma was 44.7 (14.5, 35.5–70.5) years, table 3.
The initial symptoms included bloody rhinorrhea, neck
mass, nasal obstruction, hearing impairment, blurred vision,
ptosis, and diplopia. Three out of five patients received the
serological test for antibodies against EBV. Only one patient
had a normal antibody titre of the viral capsid antigen associated with the EBV (EBVCA) in IgA class. The other two
patients showed EBVCA IgA 1:20 and 1:160 respectively. Two
patients died in 1993 and the other patients did not show any
evidence of recurrence after radiotherapy and chemotherapy
(table 3).
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admissions to hospital during 1985–94. The data items
included national identification number, age, sex, occupation,
hospital, total medical expense, medical record number, insurance number, date and duration of the stay in hospital, as well
as the ninth revision of the international classification of diseases ICD-9 code of medical diagnosis.
We also obtained a complete list of workers who have
worked in the company since its establishment in 1950. It
contained information on demographic characteristics, history of working in a news printing factory, date and duration
of employment, etc.
The reimbursement data and list of workers provided by the
company were linked together to extract information of the
workers who had been admitted to hospital during their
employment in the company, regardless of the diagnosis. The
relational query by example provided by the Microsoft
database software Foxpro was applied for the extraction of
information.15 For any worker who had been repeatedly
admitted to hospital due to the same disease we kept only one
record.
Through the procedure we obtained the list of workers
affected with nasopharyngeal carcinoma and interviewed
them or members of their family about their working and
health history. As all workers with nasopharyngeal carcinoma
were extracted from the reimbursement data, we are confident
that the reimbursement data are comprehensive. With their
consent, we reviewed their medical records from different
hospitals and summarised the initial symptoms and signs,
date of diagnosis, clinical course, treatment received, pathological findings, clinical staging of the disease, and serological
titre of antibodies against Epstein-Barr virus.
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Adjusted MORs for those diseases that showed significant relations with printing works*

Diseases

Printing workers

Non-printing
workers

MOR†

95% CI†

MOR‡

95% CI‡

Nasopharyngeal carcinoma§
Benign skin tumours
Chronic pharyngitis or sinusitis
Mechanical injuries
Chronic liver disease or liver cirrhosis
Lower respiratory tract infection
Skin and subcutaneous disease
Musculoskeletal disorder
Cardiovascular diseases
Other diseases

5
5
4
6
5
1
5
6
5

0
1
1
2
6
15
8
17
28

57.0
28.0
29.4
21.9
6.0
1.0
6.4
1.9
1.0

2.8 to 1155.3
2.7 to 293.1
1.7 to 514.7
2.6 to 187.2
1.1 to 31.8

33.8
15.3
6.9
7.6
3.1

1.9 to 613.8
1.8 to 132.3
1.2 to 39.2
1.9 to 30.0
0.88 to 11.1

*Adjusted for age, sex, and working duration; †Cardiovascular disease as the reference disease; ‡Diseases other than diseases of interest as the
reference disease; §Crude morbidity odds ratio (MOR) with exact estimates for 95% CI.

Table 3

Characteristics and clinical findings of workers affected with nasopharyngeal carcinoma
Patient No

1

2

3

4

5

38.0
1987
14.3
Neck mass, diplopia

70.5
1987
20.2
Blurred vision, ptosis

39.2
1990
13.0
Neck mass, bloody rhinorrhoea

40.3
1993
15.3
Bloody rhinorrhoea

Histological
finding

35.5
1986
14.5
Hearing impairment,
nasal obstruction
Undifferentiated
carcinoma

Poorly differentiated
carcinoma

Undifferetiated carcinoma

Undifferetiated carcinoma

Clinical staging

T4N0M0

T4N1M1

T4N0M0

Undifferetiated carcinoma with
feature of
lympho-epitheliomatous
carcinoma
T2N2M0

1:160
1:640
Died in 1993 (brain
metastasis)

N/A

1:20
1:160
No evidence of recurrence

<1:10
1:160
No evidence of
recurrence

Age at diagnosis
Year of diagnosis
Working years
Initial symptoms

Epstein-Barr viruscapsid antigen:
IgA
N/A
IgG
Current status
No evidence of
recurrence

Died in 1993 (stroke)

T1N2M0

N/A=not available.

Four cases of nasopharyngeal carcinoma biopsy specimens
showed a picture of undifferentiated nasopharyngeal carcinoma, and one of them seemed to have a lymphoepitheliomatous carcinoma. In situ hybridisation of EBER-1 in the four
cases showed some tumour cells without EBV signal. The EBV
signal was found in a few tumour cells in two of them (cases
1 and 4) and was seen in more tumour cells in the other two
(cases 3 and 5); in these some infiltrating lymphocytes also
showed an EBV signal.
When double localisation of EBV and secretor component
protein was performed, some tumour cells showed neither
EBV signal nor secretor component protein; a few tumour cells
showed both EBV signal and secretor component immunostaining; other tumour cells either showed secretor component only or EBV signal with a very weak secretor component,
a picture identical with our previously published data.17

DISCUSSION
The aetiology of nasopharyngeal carcinoma is probably
multifactorial.8 9 11–14 21 Although we have found an increased
morbidity OR of nasopharyngeal carcinoma in printing workers, it does not necessarily follow that nasopharyngeal
carcinoma was caused by printing works. Evidence and arguments strongly suggest such a possibility. Firstly, eating salty
fish12–14 and taking herbal drugs,21 were reported to be risk factors for nasopharyngeal carcinoma. But none of our patients
had such habits. Secondly, smoking was reported to be associated with a twofold to threefold increased risk of nasopharyngeal carcinoma.12 Yu et al found that smoking for more than 30
pack-years gave a twofold increase of nasopharyngeal
carcinoma among ethnic Chinese.11 Although all five patients
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in our series were smokers, they usually smoked less than 1
pack/day because the company policy prohibited smoking at
the workplace for fear of explosion and fire. As four out of five
patients were below 41 years of age at the time of diagnosis,
they were unlikely to have accumulated more than 30
pack-years. Thus, smoking alone seemed inadequate to
explain the increased risk of nasopharyngeal carcinoma
among printing workers. Thirdly, as the income levels, which
were major determinants for smoking and dietary habits,22 23
seemed similar (800 US$/month for printers v 650 for
non-printing workers). The likelihood of a major difference in
these lifestyle habits may be low. Because both printing workers and non-printing workers had been working in an air conditioned system, the factor of merely poor ventilation cannot
explain the difference of occurrence. Rather, workplace exposure must have contributed a significant portion, given that
workers were under a closed air condition system to conserve
energy. We conclude that all the suspected risk factors for
nasopharyngeal carcinoma are not likely to be confounding
factors in this study.
In the Chinese population, the incidence of nasopharyngeal
carcinoma is unusually high. The annual incidence of
nasopharyngeal carcinoma in Taiwan was 4.2/100 000.9 In
these 1564 workers with a mean duration of 13.3 working
years, the total working years were around 20 800. The
expected number of cases of nasopharyngeal carcinoma in the
whole newspaper company should be 0.8 during this period.
We identified five cases of nasopharyngeal carcinoma and all
were printing workers. If the observed five cases were divided
by the expected 0.15 cases of nasopharyngeal carcinoma in
printing workers, the morbidity ratio was 32. The result was
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Table 2

Nasopharyngeal carcinoma in printing workers

ciated with printing works. The reason why OR decreased
might be due to the effect of including some diseases that may
also be related to printing. As we only had complete data from
one newspaper company, the case number was relatively small
and the estimated 95% CI of the morbidity OR was wide.
Both skin and the liver are vulnerable to toxic chemicals in
printing factories because they are either the defence organ
against toxic substance or the organ of detoxification. Primary
liver cancer, cirrhosis of the liver, and skin cancer were
reported to be increased in printing workers.6 7 Organic
solvents used in the printing factory might cause liver injury
and the long term exposure to these solvents might contribute
to the development of cirrhosis of the liver. In Taiwan, hepatitis B virus (HBV) caused most cases of cirrhosis of the liver
and primary liver cancer.30 As the prevalence of HBV carriers in
printing and non-printing workers was similar (14.1% and
13.0%, respectively), the increased risk of cirrhosis of the liver
was probably related to work. We thought that a longer duration of follow up or increased numbers in the study
populations in the future might show a clearer tendency. Further study should identify whether these diseases progress to
the development of nasopharyngeal carcinoma. Occupational
injury remained a problem of concern in printing factories
and most injuries were reported to occur during the process of
cleaning or repair of machines.
Results from this study of a cohort containing a group of
workers from a newspaper printing company support the
conclusion that printing works are associated with an
increased risk of nasopharyngeal carcinoma, chronic pharyngitis or sinusitis, cirrhosis of the liver, and mechanical injuries.
Health surveillance, hazard control, and a programme of
injury prevention should be implemented in all newspaper
printing factories.
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